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Enhanced recovery pathways are collective standardized evidence-based preoperative, intraoperative, and postoperative multidisciplinary protocols involving collaboration of several specialties, including surgeons, anesthesiologists, nurses, dieticians, pharmacists, and home care specialists. 6 These programs challenge and reevaluate traditional practices to improve quality of care. Their success is attributed to the attenuation of the neurohormonal stress response to surgery, thereby limiting physiologic stress and consequently diminishing complications and organ dysfunction. 6 The benefits of enhanced recovery pathway programs have been well established in several surgical disciplines, including general, colorectal, bariatric, neurologic, orthopedic, and gynecologic surgery. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Although these programs have not yet been widely implemented in plastic surgery, emphasis on cost-effective quality initiatives has driven several institutions around the country to consider this quality measure. However, current literature on an enhanced recovery pathway for microvascular breast reconstruction is scarce. Some of the limitations of previous studies include small number of subjects, inequalities between the study groups, and use of expensive medications (e.g., liposomal bupivacaine) as part of the multimodal analgesic regimens. [2] [3] [4] [5] Continued critical evaluation of enhanced recovery pathway programs in plastic surgery is necessary, not only to demonstrate that the previously observed positive impact on length of hospital stay and other patient outcomes is replicable, but also to further optimize existing enhanced recovery pathway protocols. This study compared perioperative outcomes of patients who underwent microvascular breast reconstruction before and after the implementation of our institution's enhanced recovery pathway, examined risk factors for length of hospital stay, and performed a cost analysis.
PATIENTS AND METHODS

Study Design and Data Collection
This is a single-center retrospective cohort study comparing perioperative outcomes following microvascular breast reconstruction, immediate or delayed, among consecutive patients who were managed with the traditional standard of care (pre-enhanced recovery pathway group) and after implementation of an enhanced recovery pathway program. The enhanced recovery pathway for women undergoing microvascular breast reconstruction was designed through collaboration of health care professionals from plastic surgery, anesthesia, nursing, and pharmacy at our institution (Table 1) . After implementation in August of 2015, all patients undergoing microvascular breast reconstruction performed by the two surgeons participating in the study were subjected to the enhanced recovery pathway. Exclusion criteria included allergies or adverse reactions to any of the medications used, pregnancy, prisoners, and age younger than 18 years. The study was approved by the institutional review board (study number 160806).
Patient demographics and clinical characteristics, intraoperative data, postoperative outcomes, and complications were recorded. Data were gathered by two unblinded investigators and entered into a Microsoft Excel (Microsoft Corp., Redmond, Wash.) spreadsheet using prepared deidentified codes. Unresolved data points or entry errors were reviewed and clarified by the principal investigators.
Microvascular Autologous Tissue-Based Breast Reconstruction Standard-of-Care Pathway (Pre-Enhanced Recovery Pathway)
In this pathway, patients were kept nil by mouth for 6 hours before surgery and continued until the morning of postoperative day 1. The patient's diet was then slowly advanced as tolerated over the following 24 hours. Maintenance intravenous fluids were used until the patient tolerated an unrestricted diet. Analgesic regimens, intraoperative management, and postoperative nausea and vomiting prophylaxis were not standardized, but were administered at the discretion of the attending anesthesiologists. No regional nerve blocks, such as transversus abdominis plane blocks, were performed. Prophylactic enoxaparin was started the evening of surgery, and 81-mg daily aspirin was started the following morning for 30 days. Antibiotic prophylaxis was similar to that in the enhanced recovery pathway. Postoperatively, the patient's hospital admission and flap monitoring were similar to those in the enhanced recovery pathway. Pain management was not standardized and included intravenous opiate analgesics or patient-controlled analgesia pump until at least postoperative day 1 when the patient's diet was advanced. Once the patient was tolerating a diet, acetaminophen and oral narcotics were used on an as-needed basis, with intravenous narcotics for breakthrough pain. Perioperative nausea and vomiting prophylaxis was used for symptomatic relief. Early ambulation was encouraged but not expected. Foley catheters were removed on ∥∥Consider patient-controlled analgesia if pain is refractory to all other pain medications. If pain continues to be uncontrolled, consider local anesthetic cream or postoperative local anesthesia. ¶ ¶Do not use in patients older than 65 yr, and if there is concern for oversedation or anticholinergic use. ##If not in TAP blocks. ***Lactated Ringer or plasmalyte were the preferred IV fluids administered. Normal saline was not used. Vasopressors were used only if the mean arterial pressure dropped 20% below the patient's baseline and it was not volume responsive. The preferred agents were ephedrine and dobutamine. Phenylephrine was avoided, if possible.
Plastic and Reconstructive Surgery • April 2018 postoperative day 1 or 2 depending on the progress of the patient. Discharge to home was at the discretion of the surgeon.
Microvascular Autologous Tissue-Based Breast Reconstruction Enhanced Recovery Pathway
The enhanced recovery pathway protocol was developed through a literature review followed by a multidisciplinary consensus (Table 1) . Preadmission education and counseling were provided to all patients elected to proceed with microvascular autologous reconstruction and met the study inclusion criteria. Unlike the pre-enhanced recovery pathway cohort, bilateral transversus abdominis plane blocks (containing bupivacaine 0.25%, dexamethasone 4 mg, and possible clonidine to extend block duration) were performed by the anesthesia team, either in the preoperative holding area or in the operating room immediately after induction of anesthesia, as part of the multimodal analgesic regimen. Postoperatively, pain control was managed by the Anesthesia Perioperative Consult Service. Patients were encouraged to be up and walking the evening of surgery. Foley catheters were removed at 6 am on the first postoperative day. Discharge planning was begun the day after surgery, along with education on drain management at home. Discharge criteria included sufficient oral intake without nausea and vomiting, adequate ambulation, good urine output, and satisfactory pain control with an oral analgesic regimen.
Surgical Technique
All operations were performed by two participating attending microvascular surgeons. The surgical technique was similar for all the flaps, without a learning curve for this procedure in either cohort. Standard flap harvest techniques were used. The internal mammary vessels were used as recipient vessels in all flaps.
Outcomes
The primary outcome was length of hospital stay, which was defined as the number of nights the patient spent in the hospital from admission until discharge. Postoperative day 0 was defined as the day of surgery.
Secondary endpoints included postoperative inpatient analgesic and antiemetic requirements, and minor and major complications within 45 days from the index operation. Analgesic requirements were divided into acetaminophen and opiate use. Opiate use was calculated by converting all forms of opioid intake, parenteral and oral, into oral morphine equivalents. 17 The need for a patientcontrolled analgesia pump and duration of use was also recorded. Major complications were defined as complications that were related directly to the index admission and required hospital readmission or reoperation within 45 days from the index operation. Partial or complete flap loss was also included in the major complications. Partial flap loss was defined as less than 40 percent of the total flap volume secondary to vascular compromise of an area of the flap. Complete flap loss was defined as irreversible vascular compromise of the flap because of microvascular arterial or venous thrombosis requiring explantation. All other complications were considered as minor.
Our institution uses a cost accounting system that allows assignment of fixed and variable expenses at the charge level for both professional and technical services. For example, the system can assign nursing salary to inpatient room and board charges, actual medical supply costs to the individual charge items, and on the professional side the actual physician salary to Current Procedural Terminology codes and services. This allows for an accurate assessment of the cost of specific services for the organization. To understand the impact of the enhanced recovery pathway on autologous breast reconstruction, we examined all financial information (e.g., charges, payments, fixed and variable costs) associated with each study patient before and after the implementation of the program.
Statistical Analysis
Patient characteristics, operative details, and postoperative outcomes were compared between pre-enhanced recovery pathway and enhanced recovery pathway groups. Descriptive statistics were reported as mean ± SD or median with range, or as the number of patients or flaps with percentages. Categorical variables were compared using Pearson chi-square and Fisher's exact tests. Continuous variables were compared with the two-tailed t test. All group comparisons were unpaired and p values were two-tailed, with statistical significance set at p < 0.05. IBM SPSS Version 23.0 (IBM Corp., Armonk, N.Y.) was used for univariate analyses.
Multivariate analysis was performed to further analyze factors contributing to length of hospital stay using statistical software R version 3.3.0. Length of hospital stay was described as a median with interquartile ranges and compared between pre-enhanced recovery pathway and enhanced recovery pathway groups using the Wilcoxon rank sum test. Because the distribution of length of hospital stay was highly skewed, a multivariable ordinal logistic regression was used to evaluate the difference between the two groups with adjustment for age, body mass index, bilateral reconstruction, operative time, total intraoperative fluid amount, total oral morphine equivalent use, and total acetaminophen use. Variables were examined for their distribution and transformations were made when needed. Results were presented as interquartile-range odds ratios for continuous predictors and simple odds ratios for categorical predictors.
RESULTS
Between April of 2014 and January of 2017, a cohort of 100 consecutive women, who underwent a total of 145 microsurgical autologous breast reconstructions (45 bilateral procedures), were identified; 50 women were managed with the pre-enhanced recovery pathway and 50 women were managed with the enhanced recovery pathway. Baseline patient demographics and clinical characteristics were not significantly different between the two groups ( Table 2 ). There were no significant differences between the two groups with regard to surgical timing (immediate versus delayed), laterality, or type of reconstruction (Table 3) .
Data related to the intraoperative course are listed in Table 4 . Overall operative times were found to be higher in the pre-enhanced recovery pathway cohort. Unilateral reconstructions had a significantly longer operative time in the preenhanced recovery pathway cohort, but no difference was noted between the two groups for patients undergoing bilateral reconstructions. There were no differences between the two groups in terms of intraoperative transfusions, intraoperative vasopressor use, or the use of mesh for abdominal wall reinforcement. Reduction in intraoperative fluid administration was seen in the enhanced recovery pathway group.
A comparison of postoperative outcomes between the two groups is presented in Table 5 . The enhanced recovery pathway cohort had a significantly shorter median length of hospital stay, and received less total oral morphine equivalents. The use of a patient-controlled analgesia pump was significantly less common for the enhanced recovery pathway group; however, when used, there was no difference in duration of use between groups. The enhanced recovery pathway group had significantly higher use of acetaminophen in the first 48 hours, use equal to that of the pre-enhanced recovery pathway group on postoperative day 3, and less on subsequent days. In addition, the enhanced recovery pathway cohort used significantly less ondansetron during the overall hospitalization, and specifically on postoperative days 0, 1, and 5. Table 6 compares the two groups with regard to 45-day postoperative complications. There was no difference in frequency of minor or major complications, emergency room visits, hospital readmissions, or unplanned reoperations. However, there was a significant difference between the two groups in donor-site wound healing, with higher rates of delayed wound healing in the enhanced recovery pathway cohort. Of note, the majority of these cases were managed nonoperatively with local wound care in the outpatient setting, with complete resolution. Only three cases, two in the pre-enhanced recovery pathway and one in the enhanced recovery pathway cohort, required operative intervention. Multivariate logistic regression analysis of risk factors for length of hospital stay is shown in Table 7 . Participation in an enhanced recovery pathway program and lower total morphine equivalent use were independent predictors for decreased length of hospital stay.
Implementation of the enhanced recovery pathway decreased mean length of hospital stay by 1.7 days, resulting in a decrease of 108 inpatient days. This translated to a saving of $4400 per patient. Contribution margin is equivalent to the cost savings on a per-patient basis and driven by payer mix and the corresponding payer mix. For our study, we identified an extrapolated $279,258 savings from freeing up inpatient beds and increase in overall contribution margins of $189,342. 
DISCUSSION
The enhanced recovery pathway program used at our institution encompasses core features from the enhanced recovery pathway literature, including preoperative patient education, avoidance of prolonged preoperative fasting, goal-directed fluid management, standardized multimodal analgesic and anesthetic regimens, prevention of postoperative nausea and vomiting, venous thromboembolism prophylaxis, antibiotic Plastic and Reconstructive Surgery • April 2018
prophylaxis, early ambulation, and early resumption of diet postoperatively. 18, 19 To the best of our knowledge, currently, only four other studies have proposed a standardized care pathway in microvascular breast reconstruction and evaluated its efficacy by comparing outcomes after its implementation. Batdorf et al. examined the role of an enhanced recovery pathway in 100 consecutive patients (pre-enhanced recovery pathway, n = 51; enhanced recovery pathway, n = 49) undergoing microvascular breast reconstruction performed by two surgeons. 2 Afonso et al. retrospectively reviewed 91 patients (pre-enhanced recovery pathway, n = 49; enhanced recovery pathway, n = 42) undergoing deep inferior epigastric artery perforator or muscle-sparing transverse rectus abdominis myocutaneous flaps for breast reconstruction performed by multiple surgeons. 3 Bonde et al. presented their results before and after the establishment of a fast-track surgery protocol for unilateral microsurgical breast reconstruction (pre-enhanced recovery pathway, n = 292; enhanced recovery pathway, n = 177), and later revised their protocol and reexamined their outcomes on 16 consecutive patients. 4, 5 Although all studies highlighted the conceivable success of an enhanced recovery pathway program in microvascular breast reconstruction, a few limitations were noted. The initial protocol of fast-track surgery that Bonde et al. used was not comprehensive because it did not include some key components of the current enhanced recovery pathways. When that protocol was revised, the results of only 16 patients were reported. The study by Batdorf et al. had patients with a significantly lower body mass index and less chronic pain diagnosis in the enhanced recovery pathway cohort. The enhanced recovery pathway cohort also had a higher number of patients who underwent deep inferior epigastric artery perforator flap surgery (compared to muscle-sparing transverse rectus abdominis musculocutaneous flaps), and fewer abdominal wall reconstructions with mesh compared to the non-enhanced recovery pathway group. These differences might have confounded their outcomes. Afonso et al. attempted to account for these differences and included multiple surgeons with different practice patterns for better generalizability of their results. However, intraoperative and postoperative ketorolac as an analgesic adjuvant was used inconsistently based on surgeon discretion, which might have introduced a selection bias. One significant difference between our multimodal analgesic regimen and that of the last two studies is the strict documented compliance with scheduled acetaminophen and the use of bupivacaine and dexamethasone for the transversus abdominis plane blocks, as opposed to liposomal bupivacaine. Our findings suggest that liposomal bupivacaine may not be necessary for transversus abdominis plane blocks, given its higher cost and absence of strong evidence to suggest superiority to bupivacaine hydrochloride. 20, 21 It is possible that plain bupivacaine when administered in combination with a medication that prolongs the duration of the nerve block, such as dexamethasone, may be equally beneficial.
As in prior studies, our primary endpoint was length of hospital stay. Although a nonspecific variable, it is readily available, and can be used as a proxy for the clinical recovery trajectory. The studies by Batdorf et al. and Afonso et al. demonstrated a significant drop in length of hospital stay in the enhanced recovery pathway group, from 5.5 days to 3.9 days (p < 0.001) and from 5 days to 4 days (p < 0.0001), respectively.
2,3
Bonde et al. demonstrated a decrease in mean length of hospital stay from 7.4 days to 6.2 days with their initial fast-track protocol; however, after it was revised, a dramatic reduction in mean length of hospital stay to 3.1 days was reported. 4, 5 Our study showed a significant decrease in the median length of hospital stay for the enhanced recovery pathway cohort from 4 days to 3 days, without any increase in major complications, hospital readmissions or unplanned reoperations. A recently presented study of 3666 patients examined the rates of free flap compromise requiring reoperation after autologous breast reconstruction, and identified a very low rate of reoperation after postoperative day 2. 22 The authors concluded that providers may consider discontinuing flap monitoring after the first 48 hours. In addition, it is possible that a procedure with a shorter anticipated length of hospital stay is perceived as less invasive by patients which, when coupled with the high patient satisfaction rates observed in previous studies, 2 could make microvascular autologous breast reconstruction a more attractive option for appropriate candidates in the future. Our analysis went one step further to examine risk factors associated with length of hospital stay, and showed participation in an enhanced recovery pathway program and lower total morphine equivalent use to be predictors of a decreased length of hospital stay. Based on these data, we do believe that improvement of the enhanced recovery pathway programs has the potential to safely decrease the length of hospital stay further to 2 days, which could potentially generate tremendous savings for the health care system. Consistent with findings by Batdorf et al., we demonstrated a significantly lower use of total and daily oral morphine equivalents in the enhanced recovery pathway cohort. 2 The analyses by Afonso et al. and Batdorf et al. showed no difference in antiemetic use between groups; however, our study revealed significantly lower total ondansetron use in the enhanced recovery pathway cohort. 2, 3 This may be related to the lower use of patient-controlled analgesia in the enhanced recovery pathway cohort; only three of 50 patients in the enhanced recovery pathway group needed patient-controlled analgesia, as opposed to all patients in the pre-enhanced recovery pathway group. This may be related to the significantly higher intake of acetaminophen in the enhanced recovery pathway cohort in the first 2 postoperative days seen in our study.
Intraoperative multidisciplinary optimization has been shown to be a critical component of surgical enhanced recovery pathways. In our study, goal-directed fluid management by the anesthesia team for the enhanced recovery pathway cohort resulted in administration of a significantly lower volume of intravenous fluids. This might have improved our outcomes, because previous authors have investigated the implications of perioperative intravenous fluid management on microsurgical breast reconstruction and concluded that excessive intravenous fluid administration significantly predicted postoperative complications. 23, 24 Furthermore, we observed a considerable decrease in the overall operative time for the enhanced recovery pathway cohort, which was more noticeable in the unilateral cases. This could be indirectly related to the enhanced recovery pathway program resulting in more standardized care that could increase the efficiency of the involved teams. It could have also contributed to some of the other positive outcomes noted in the enhanced recovery pathway cohort, such as lower intraoperative fluid administration. This is especially meaningful, as prior studies on breast reconstruction have demonstrated the risk of encountering any early postoperative complication increases by 5.2 percent for every 10 minutes' additional duration of surgery. 25 Moreover, shorter duration of surgery has important implications in cost savings and resource use for the operating room and, as a result, can make this operation a more viable option from a financial perspective for large institutions.
In 2010, health care expenditures in the United States approached $2.6 trillion, 10 times the amount spent in 1980. 26 It is thus not surprising that reduction in health care expenditures and more effective use of resources has become an overriding health policy priority. Although the cost savings resulting from enhanced recovery pathways have been documented across several surgical specialties, to the best of our knowledge, our study is the first in the plastic surgery literature to address this benefit. [27] [28] [29] [30] [31] [32] [33] There is a substantial effect of enhanced recovery pathway implementation on health care expenditure, with significant savings from freeing up inpatient beds and increased contribution margins, which warrants further evaluation.
This study has some limitations despite its overall contribution to the enhanced recovery pathway literature. It is not a randomized controlled trial and is therefore limited by the inherent drawbacks of a retrospective study design. Although we attempted to control for secular trends in our organization that may have occurred concurrently with our enhanced recovery pathway implementation, it is possible that we did not capture confounding factors that might have affected our outcomes irrespective of the enhanced recovery pathway. Also, our study is restricted by its single-center patient population and participation of only two surgeons, which may limit the generalizability of our results. We did not assess postoperative pain scores between the two groups, like prior studies, because opioid consumption is a more reliable and objective endpoint reflecting the patient's need for analgesics. It has been previously shown that pain scores are fundamentally subjective and interpreted differently among individuals, making them less reliable measures of pain control. 34 This study examined the effects of implementing a comprehensive enhanced recovery pathway for microvascular autologous breast reconstruction at a large academic institution. Multiple benefits were observed, including less postoperative narcotic and antiemetic requirements and decreased length of hospital stay without increasing patient morbidity. Of note, a higher rate of minor delayed wound healing problems that were managed with local wound care in the outpatient setting was observed in the enhanced recovery pathway cohort. The cause of this is unclear and has to be addressed with patients in the preoperative setting. Equally important, in an era governed by policies to lower health care expenditures, our results suggest that implementation of such a program can assist in optimizing resource use with substantial cost savings. As advocates for our patients and our practices, we should start questioning whether such programs for breast reconstruction should become standard of care and applied widely throughout the country. Even then, continued reassessment and research will be required to further refine and improve on the components of the program for better outcomes. 
